Seasonal habitat use of river otters in northwestern Montana by Waller, Amy Johnston
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1992 
Seasonal habitat use of river otters in northwestern Montana 
Amy Johnston Waller 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Waller, Amy Johnston, "Seasonal habitat use of river otters in northwestern Montana" (1992). Graduate 
Student Theses, Dissertations, & Professional Papers. 7026. 
https://scholarworks.umt.edu/etd/7026 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
Maureen and Mike 
MANSFIELD LIBRARY
Copying allowed as provided under provisions 
of the Fair Use Section of the U.S.
COPYRIGHT LAW, 1976.
Any copying for commercial purposes 
or financial gain may be under^en only 
with the author’s written consent.
University ofMontana
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
SEASONAL HABITAT USE OF RIVER OTTERS IN NORTHWESTERN MONTANA
By
Amy Johnston Waller
B.S., Ohio State University, 1984
Presented in partial fulfillment of the requirements
for the degree of 
Master of Science 
University of Montana 
1992
Approy^d by:
( / y  ' - / /  ■
Chairman, Board df Examihers
DeCn, Graduate School /
 ///Date O'
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP37827
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction Is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, If material had to be removed,
a note will Indicate the deletion.
UMT
Oisaortation Publishing
UMI EP37827
Published by ProQuest LLC (2013). Copyright In the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work Is protected against 
unauthorized copying under Title 17, United States Code
P r o Q ^ st*
ProQuest LLC.
789 East Elsenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 -1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
Waller, Amy J., M.S., Spring 1992 Wildlife Biology
Seasonal Habitat Use of River Otters in Northwestern Montana 
Director: Dr. Lee Metzgar
River otter (Lutra canadensis) habitat use and preferences 
were investigated in the Flathead River Valley. Habitat data 
were collected at occupied sites and unoccupied sites to 
characterize seasonal habitat use, determine seasonal habitat 
preferences, and develop seasonal classification criteria. 
The greatest influence on river otter habitat use appeared to 
be the availability of cover.
Undercut banks, vegetation overhang and emergent vegetation 
were present at the majority of occupied sites each season. 
Radio-implanted otters used areas having low to moderate bank 
heights and slopes. The ground cover consisted mainly of 
grasses, and the mean percent understory cover ranged from 23% 
to 37% between seasons. Every season, occupied sites had 
significantly higher frequencies of beaver cuttings than 
unoccupied sites.
During winter, the river otters preferred areas with larger 
undercuts, tree canopies, and beaver lodges or brush piles. 
Linear discriminant function analysis (DFA) of tree canopy, 
beaver lodge/brush pile, rock, bank slope, and undercut area 
correctly classified 77% of the winter cross-validation cases.
During spring, the otters preferred sites with flatter 
banks, less inland water, more instream woody debris, and 
beaver lodges or brush piles. Linear DFA of bank slope, 
vegetation overhang, inland water, beaver lodge/brush pile, 
and inland woody debris correctly classified 78% of the spring 
cross-validation cases.
Summer habitat preferences included more understory cover, 
more bank holes, longer vegetation overhang, more woody debris 
in the emergent areas, and beaver lodges or brush piles. 
Linear DFA of beaver lodge/brush pile, new beaver cuttings, 
emergent length, and understory cover correctly classified 71% 
of the summer cross-validation cases.
Fall habitat preferences included more bank holes, less bare 
ground, larger undercuts, steeper banks, and longer vegetation 
overhang. Linear DFA of old beaver cuttings, undercut area, 
understory cover, and total woody debris correctly classified 
75% of the fall cross-validation cases.
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INTRODUCTION
The inclusion of taxa Lutrinae in Appendix II of the 
Convention on International Trade in Endangered Species 
(CITES) in 1977 generated international interest in the river 
otter (Lutra canadensis). CITES specifies that species 
listed in Appendix II must be managed to insure that stable or 
increasing populations persist (Polechla and Sealander 1985). 
Consequently, states must provide the U.S. Endangered Species 
Scientific Authority with information that justifies current 
otter management (Zackheim 1982, Dronkert-Egnew 1991). In 
response, there has been increased research on the status of 
river otter populations throughout the country. Recent 
impetus for river otter studies also stems from state 
réintroduction efforts, bio-accumulation concerns, and lack of 
sufficient baseline data. Between 1977 and 1984, 39 states 
had ongoing river otter studies (Dronkert-Egnew 1991).
Prior to the listing of the river otter in Appendix II of 
CITES, little qualitative or quantitative information was 
available on river otter ecology. A literature search 
initiated in 1977 (Johnson 1981) found no information 
documenting otter habitat requirements. Development of 
implantable radio transmitters (Melquist and Hornocker 1979) 
facilitated river otter habitat studies, and general 
information has increased appreciably. However, river otters 
occupy diverse aquatic systems, limiting our ability to 
extrapolate between areas, and specific habitat requirements
1
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are still not well understood.
Information on river otter habitat in Montana is limited.
In 1980, the Montana Department of Fish, Wildlife and Parks 
(MDFWP) and the National Wildlife Federation funded a study on 
the ecology and population status of river otters in 
southwestern Montana (Zackheim 1982). Zackheim assessed otter 
habitat use by latrine site characteristics and recognized the 
need for additional habitat information to more precisely 
manage otters in Montana. MDFWP initiated a 2-year river 
otter distribution and habitat study in northwestern Montana 
in 1985 (Dronkert-Egnew 1991). After conducting otter sign 
surveys and evaluating habitat in drainages throughout 
northwestern Montana, Dronkert-Egnew selected the Flathead 
River Valley for more intensive home range, density, and 
spring habitat investigations. Research on the habitat of 
river otters occupying the Flathead River drainage continued 
with funding from MDFWP during my 1987-1989 project.
Knowledge of the quality, abundance and distribution of 
habitat is essential for effective river otter management. I 
investigated both habitat use and habitat selection of river 
otters to identify important habitat components and define 
quality habitat. Habitat characteristics at sites occupied 
by river otters each season and comparisons between seasons 
describe habitat use. Habitat comparisons between sites 
occupied by river otters and other available sites indicate 
habitat preferences.
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OBJECTIVES
1. Identify characteristics of seasonal river otter habitat.
2. Determine seasonal habitat preferences of river otters.
3. Develop seasonal classification criteria that discriminate 
between sites occupied by river otters and other available sites.
STUDY AREA
I investigated river otter habitat selection in the 
Flathead River drainage in northwestern Montana between 
Flathead Lake and Kalispell. The study area included the main 
stem Flathead River from the north shore of Flathead Lake 
upstream to the first braided river section. All sloughs, 
ponds, and tributaries associated with this section of the 
Flathead River were also included (Fig. 1). Total channel 
length in the habitat selection study area is approximately 
100 km. Several authors have described this area in detail 
(Bissell and Bown 1987, Casey and Wood 1987, Mace et al. 1987, 
Dronkert-Egnew 1991).
The further-most telemetry locations of instrumented 
river otters delineated the boundaries for habitat use 
investigations. The habitat use study area included the 
entire habitat selection area plus the lower Swan River, upper 
Ashley Creek, and associated lakes (Fig. 2). Total channel 
length in the habitat use study area is approximately 170 km. 
The main stem Flathead River and the Swan River are the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2 main tributaries to Flathead Lake. Flathead River 
elevations in the study areas range from 887 m at the northern 
braided section to 881 m at Flathead Lake. Within the habitat 
use study area, maximum upstream elevations are 921 m for the 
Swan River and 984 m for Ashley Creek. Surrounding topography 
includes the Swan Range to the east, the Whitefish Range to 
the north, and the Salish Mountains to the west.
Climate in the Flathead River Valley is Pacific Maritime. 
The normal (1951-1980) mean annual temperature at Kalispell is 
6" C; monthly means range from -7" C in January to 18° C in 
July (U.S. Weather Bureau). During this study, average 
monthly temperatures were normal in 1988. February 1989 
temperatures averaged -10° C which is 11 degrees below the 
normal. Normal annual precipitation at Kalispell is 39.0 cm 
and totalled 37.9 cm in 1988.
The northern braided river section of the study areas 
contains numerous gravel bars and islands. Pioneer 
communities of narrowleaf cottonwood (Populus angustifolia), 
black cottonwood (P. trichocarpa), spruce {Picea spp.), and 
willow (Salix spp.) dominate the gravel bars (Mace et al.
1987). Islands and benches support older stands of black 
cottonwood and spruce. Below the braided section, the river 
becomes a slow flowing main channel. Cattail (Typha 
latifolia) marshes are common in the sloughs and mouths of 
tributaries adjacent to the main channel. Emergent vegetation 
is also abundant along the shores of the lakes in the habitat
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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use study area. Throughout the study areas, the primary 
understory species along the banks are red osier dogwood 
(Cornus stolonifera), black hawthorn (Crataegus douglassi), 
and common snowberry (Symphoricarpos albus), Secondary 
species include common chokecherry (Prunus virginiana), 
willow, and woods rose (JRosa woods±i), The herbaceous 
vegetation consists mainly of grasses, Equisetum spp., and 
sedges. Black cottonwood, birch (Betula spp.) and spruce 
dominate the remaining strips of forest along the rivers. The 
surrounding uplands are characterized by agriculture and 
residential developments.
From the lake shore upstream to the braided section, the 
main stem is subject to substantial seasonal water level 
fluctuations due to the operation of Kerr Dam. Kerr Dam, 
located on the outlet of Flathead Lake, regulates the upper 3 
m of Flathead Lake and typically maintains maximum lake water 
levels from July through September (Mace et al. 1987). During 
this study, high water levels occurred from June through 
September, and low levels occurred from January through April 
(U.S. Geological Survey, pers. commun.). Seasonal water level 
fluctuations are also greatly influenced by Hungry Horse Dam 
which regulates discharge into the main stem from the South 
Fork Flathead River. Furthermore, spring run-off from the 
unregulated Middle and North Forks of the Flathead River are 
major contributors to high water in the main stem. During the 
winter low water period, extensive mudflats characterize the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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majority of the habitat selection study area.
Fish species common in the sloughs and main channel of 
the main stem Flathead River include the following: Westslope
cutthroat trout (Salmo clarki lewisi), bull trout (Salvelinus 
confluentus), Kokanee salmon (Oncorhynchus nerka), mountain 
whitefish (Prosopium williamsoni), slimy sculpin (Cottus 
cognatus), shorthead sculpin (C. cojifusus), largescale sucker 
(Catostomus macrochellus), peamouth (Mylocheilus caurinus), 
and northern squawfish iPtychocheilus oregonsnsis) (Graham et 
al. 1982).
METHODS
One adult male and 2 adult female river otters remained 
as radio-implanted study animals from the preceding phase 
(Dronkert-Egnew 1991) of this project. In addition, I 
captured 1 juvenile male, 2 juvenile females, and 2 adult 
female otters with modified Victor #1.1 double longspring 
leghold traps (Shirley et al. 1983) during September - 
November, 1987. I used a modified den/drug box (Mack 1985) to 
release the otters from the traps, transport them to the 
veterinarian clinic, and restrain them for the administration 
of anesthesia. The veterinarian implanted Telonics IMP/400/L 
transmitters into the abdominal cavities of the 5 females, and 
a smaller Telonics IMP/300/L transmitter into the male (Hoover 
1984). Each otter was determined to be juvenile or adult
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9
based on tooth wear or a radiograph of the forelimb 
(Lauhachinda 1978).
When possible, the instrumented otters were located once 
every 3 days during a randomly selected 6-hour interval. 
Every 12 days, one randomly chosen hour out of 24 became the 
starting time of a new 6-hour interval. After 3 days, the end 
of the previous interval became the starting time of the next 
6-hour interval. For example, randomly selecting 0100 as the 
initial starting hour meant we had days 1-3 to locate each 
otter one time between 0100 and 0700, days 4-6 to locate each
otter one time between 0700 and 1300, days 7-9 to locate each
otter one time between 1300 and 1900, and days 10-12 to locate
each otter one time between 1900 and 0100. I randomly
selected a new starting hour every 12 days to avoid coinciding 
periods in environmental and sampling variation.
We attempted to track the instrumented otters directly to 
their dens or activity sites. Otherwise, triangulation 
locations included at least 3 crossing azimuths. 
Triangulation error was determined by locating an instrumented 
river otter carcass placed at 19 different shoreline locations 
within the study area. Based on the results of 3 observers, 
the mean distance between the triangulation location and the 
carcass location equalled 105 m (SD=107 m, N-21).
Only telemetry locations obtained during February 1988 - 
February 1989 were used in the seasonal habitat analyses. I 
lost radio contact with the juvenile male and one adult female
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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otter in January 1988. Another adult female was killed by a 
car in June 1988. The resulting sample sizes for the seasonal 
habitat studies were 1 male and 5 female otters representing 
5 family groups for the winter and spring analyses, and 1 male 
and 4 females from 5 family groups for the summer and fall 
analyses.
I graphed the straight line distances between successive 
locations for each otter to examine seasonal movements. In 
general, periods of movement coincided with the 4 calendar 
seasons; the instrumented otters tended to move longer 
distances and more frequently in the summer, and moved shorter 
distances and less frequently in the winter. Consequently, I 
grouped telemetry locations by the following dates for 
seasonal habitat analyses:
Spring —  03/21/88 - 06/20/88
Summer —  06/21/88 - 09/21/88
Fall —  09/22/88 - 12/20/88
Winter —  02/01/88 - 03/20/88 and
12/21/88 - 02/23/89
Because of triangulation error, I used a 200 m plot for 
collecting habitat use data. Each plot was centered on a 
radio location (occupied site). I also used 200 m plots to 
randomly sample the available habitat. Specifically, I 
allocated 56 random sites throughout the habitat selection 
study area by randomly selecting one 200 m plot within every 
4 km of shoreline stratified by the following waterway 
categories: main channel, braided section, ponds or sloughs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and tributaries.
Adapted from the stratified random station design
described by Platts et al. (1983), each 200 m plot consisted
of 9 transects spaced 25 m apart along one side of the
channel. The 9 transects began at the middle of the channel,
traversed across the shore perpendicular to the bank, and
ended 5 m inland from the high water mark (Fig. 3). At
occupied and random plots, the following habitat variables
were measured on each transect, unless otherwise specified:
Substrate - modified Wentworth classification for 
predominant substrate particle sizes (Orth 1983): <2
mm, 2-32 mm, 32-64 mm, 64-256 mm, >256 mm.
Woody Debris - the number {0, 1, 2, ..., 10, >10} of
logs or boards at least 10 cm in diameter; the diameter 
was measured where the transect intercepted the piece of 
wood. Woody debris was counted separately for the 
exposed bottom, instream (protruding above the water 
surface), inland, and emergent lengths of the transects. 
Total Woody Debris = Woody Debris Instream + Woody 
Debris Emergent + Woody Debris Inland.
Emergent - measured length in meters (0, 1, 2, ..., 30,
>30 m} of emergent vegetation from the high water mark 
to the instream edge using a meter tape or range finder.
The dominant emergent type {cattail, rush, sedge, grass) 
was also recorded.
Vegetation Overhang - measured length in centimeters {0,
3, 6, ..., 201, >201 cm) of overhanging streamside
vegetation within 1.0 m of the highwater surface (Platts 
et al. 1987).
Beaver Cuts - old (grey and weathered) and new (fresh 
white or tan and sharp) were recorded as present if 
visible from the transect.
Bank Slope - the slope of the bank starting at the high 
water mark was classified by degrees {0-30, 31-60, 61- 
90, >90} using a clinometer on top of a meter stick
placed against the bank (Platts et al. 1987) if the 
correct category was not obvious.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Bank Height - The height of the bank above the channel 
bottom was classified by 0.5m intervals {0-0.5 m, 0.5- 
1.0 m, 1.0-1.5 m, 1.5-2.0 m, >2.0 m) using a meter 
stick.
Undercut - the depth of the undercut was measured in centimeters {0, 3, 6, •../ 201, >201 cm) from the edge
of the bank overhanging the shoreline straight back to 
the deepest undercut using a meter stick.
The height of the undercut was measured in centimeters 
(0, 3, 6, ..., 201, >201 cm) from the underneath edge of 
the bank overhanging the shoreline straight down to the channel bottom using a meter stick.
Undercut Area = Undercut Depth x Undercut Height.
Ground Cover - the percent cover category {<1, 1-5, 6- 
25, 26-50, 51-75, 76-95, 96-100 %) was estimated on the 
5 m inland transect for each of the following: rocks,
bare ground, litter, herbaceous vegetation, woody vegetation (<= 1.0 m tall), and water. Inland water 
usually occurred where shallow backwater channels or marshy areas existed above the high water mark.
The dominant herbaceous vegetation type and dominant 
species of woody vegetation were also recorded.
Understorv - the percent cover category {<1, 1-5, 6-25, 
26-50, 51-75, 76-95, 96-100 %) was estimated for shrubs 
or trees within a 0-2.0 m plane above the transect. 
Shrubs were defined as woody vegetation greater than 1.0 
m tall but less than 4.8 m tall, and trees were defined 
as woody vegetation 4.8 m tall or taller.
The dominant understory species was also recorded.
Overstory - the dominant species within a 2.0-4.8 m 
plane above the transect was recorded.
Tree Canopy - the dominant species of tree in a => 4.8 
m plane above the transect was recorded.
Beaver Lodge/Brush Pile - for the entire plot, the 
presence or absence of a beaver lodge or brush pile was 
recorded.
Bank Holes - for the entire plot, the number of bank 
holes was recorded.
Waterway - the location of the plot was categorized as 
one of the following: Flathead River slough, pond,
lake, main channel of the Flathead River, braided 
section of the Flathead River, tributary, Bigfork Bay, 
or Swan River.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Features - for the entire plot, the presence of other 
features such as logjams, duck blinds, beaver caches, 
muskrat houses, and docks were recorded.
Seasonal sample sizes, the number of random radio 
locations, and the number of triangulation locations are 
listed in Table 1 for the habitat selection analyses and Table 
2 for the habitat use analyses. Because discriminant function 
analysis requires mutually exclusive groups (Kachigan 1982), 
I removed 12 plots that overlapped occupied sites or contained 
otter scat from the random sample. The remaining 44 plots 
represent unoccupied sites. I compared habitat
characteristics at occupied sites and unoccupied sites to 
determine if the otters preferred specific habitats; 
preference refers to observed use that was significantly 
greater than expected.
For ordinal data, I used the midpoint of the category in 
all statistical analyses. The most frequently occurring 
dominant species of emergent, herbaceous, woody, and 
understory vegetation were determined for every plot. I 
calculated the variable means for each plot by averaging all 
transects of the plot. To describe use of overhanging 
vegetation, undercuts, and emergent areas, I also averaged 
only those transects where the habitat component was present 
for each plot.
I used unbalanced analysis of variance (SAS 1988) to test 
for seasonal differences in habitat use. Upon rejection of 
the ANOVA null hypothesis, Tukey-Kramer simultaneous
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Table I. Sample size information for the habitat selection analyses. 
(N)= sample size used in the statistical analyses. Random refers to 
a telemetry location obtained during random schedule hours. Approach 
refers to a telemetry location obtained by tracking the otter directly 
to its den or activity site.
SEASON
NUMBER OF Winter Spring Summer Fall
Unoccupied Plots (N) 44 44 44 44
Radio
Locations
Random
Non-random
Approach
Triangulation
38
30
52
16
26
9
33
2
54
8
3923
617
167
Total (N) 68 1 35 1 62 23
River
Otters
Males
Females 15 15 14
1
4
River Otter Family Groups 5 5 5 5
Table 2. Sample size information for the habitat use analyses.
(W)= sample size used in the statistical analyses. Random refers to 
a telemetry location obtained during random schedule hours. Approach 
refers to a telemetry location obtained by tracking the otter directly 
to its den or activity site.
SEASON
NUMBER OF Winter Spring | Summer Fall
Radio
Locations
Random
Non-random
Approach
Triangulation
39
53
76
16
49
19
61
7
86
10
62
34
11
33
31
13
Total (K) 92 1 68 1 96 44
River
Otters
Males
Females
1
5
1
5
1
4
1
4
River Otter Family Groups 5 5 5 5
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confidence intervals (SAS 1988) identified which seasons were 
significantly different.
Linear discriminant function analysis of the quantitative 
variables was used to differentiate between habitat factors at 
occupied sites and unoccupied sites for each season. Stepwise 
discriminant analysis selected the initial subset of predictor 
variables for discriminating between occupied sites and 
unoccupied sites. I then systematically removed and added 
variables to obtain the best classification accuracy. For 
each season, all plots were included in the calibration sample 
to derive the discriminant function. I used cross-validation 
(Johnson and Wichern 1988, SAS 1988) to estimate the derived 
discriminant function's ability to classify future 
observations. Cross-validation holds out 1 observation at a 
time from the calibration data set, determines the 
discriminant function based on the remaining observations, and 
then classifies the one observation held out.
Regarding the assumptions of linear discriminant 
analysis, each season's discriminating variables violated the 
common covariance matrix assumption at P<O.OOl according to 
Bartlett's modification of the likelihood ratio test (SAS
1988). The Shapiro-Wilk test (SAS 1988) showed all variables 
for all seasons, except Undercut Height in the fall samples, 
violated the normal distribution assumption at P<0.05. 
Consequently, I used the nonparametric k nearest neighbor 
method (Cover and Hart 1967, Wojciechowski 1987, SAS 1988) to
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further evaluate the ability of the selected predictor 
variables to differentiate between occupied sites and 
unoccupied sites. K nearest neighbor discriminant function 
analysis classifies an individual observation into whichever 
group is occupied by the majority of its k nearest neighbors. 
The choice of k is usually not critical (SAS 1988); I tried k 
values of 3, 5 and 7 , and used the one that gave the best 
classification accuracy for comparison with linear 
discriminant analysis.
Because some important variables could be excluded during 
the stepwise selection process (SAS 1988), I also compared 
habitat components at occupied sites and unoccupied sites 
using univariate tests. The non-normal distributions of the 
quantitative variables required use of the nonparametric 
Wilcoxon rank sum test. The Wilcoxon test rejects the null 
hypothesis of no differences between populations if the ranks 
associated with one sample tend to be larger than those of the 
other sample (Conover 1980). For nominal variables, Pearson 
chi-square tested the hypothesis that otter use occurred in 
proportion to availability at unoccupied sites. Upon 
rejection of the null hypothesis, Bonferroni simultaneous 
confidence intervals (Neu et al. 1974, Marcum and Loftsgaarden 
1980) identified which categories were used more or less 
frequently than expected.
All reported significance levels refer to two-tailed 
tests.
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RESULTS 
Habitat Use
Vegetation overhang# undercut banks and emergent 
vegetation were key habitat components that provided cover 
throughout the year (Fig. 4). Undercuts occurred at two- 
thirds or more of the occupied sites each season. When 
present# the undercuts averaged at least 44 cm in depth and 26 
cm in height (Table 3). Undercuts at winter otter locations 
were significantly deeper than those at spring and summer 
sites according to Tukey-Kramer simultaneous 95% confidence 
intervals. Fall locations had deeper undercut banks than 
summer locations at an overall P<0.10.
Vegetation overhang# predominately dogwood# occurred at 
a minimum of 73% of the otter locations each season. At these 
sites# the vegetation overhung 44% or more of the shoreline at 
lengths greater than a meter# on average (Table 3). According 
to Tukey-Kramer simultaneous confidence intervals# spring 
locations had significantly longer vegetation overhang than 
fall locations at an overall P<0.05 and summer locations at an 
overall P<0.10.
In addition# emergent vegetation in sloughs# lakes# and 
the mouths of tributaries provided substantial cover. The 
percent of occupied sites with emergent vegetation varied from 
55% in the winter to 75% in the summer. The mean instream 
length of emergent vegetation ranged from 4-10 m between 
seasons (Table 3) and was significantly greater at summer
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Figure 4. Percent of occupied sites where vegetation overhang, 
undercut banks and emergent vegetation occurred.
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Table 3: Summary statistics by season for variables Emergent Length, Undercut Depth, Undercut Height, 
Undercut Area, and Vegetation Overhang. The mean refers to the mean of the plots after averaging only 
those transects where the habitat component was present for each plot.
VARIABLE 
Emergent Length (m)
WINTER (N=92)
SEASON
SPRING (N=67) I SUMMER (N=%) | FALL (N=44) 
MEAN SD I n MEAN SD|n MEAN SD|n MEAN SD 
I 50 4.8 4.5| 38 7.0 6.3| 60 9.7 10.3| 33 4.0 5.7
Undercut Depth (cm) | 67 66 49| 50 45 37j 70 44 32j 29 65 50
Undercut Height (cm) | 67 32 18j 50 26 16| 70 27 13j 29 30 10
Undercut Area (cm2) (67 3407 3691(50 1685 2014( 70 1726 1935[ 29 2656 2904
Vegetation Overhang (cm) j 67 123 54j 56 139 34( 70 119 43j 32 113 45
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locations than at winter and fall locations at an overall 
P<0.05. Cattails dominated the emergent vegetation at spring 
and summer locations, while sedge or grass dominated the 
emergent vegetation at fall and winter locations.
Large woody debris was another characteristic feature of 
occupied sites. Fallen trees, log ramps, and other large 
woody debris provided shelter for the otters. The otters also 
used large woody debris as foraging, resting, and defecation 
sites. The mean number of pieces of woody debris in the 
emergent zone ranged from 1-3 between seasons, and the inland 
count ranged from 2-4 between seasons. Overall, the mean 
number of pieces of woody debris per plot varied from 4-8 
between seasons.
During winter, ice was an important source of cover for 
the river otters. Existing ice conditions were recorded at 
the time of 67 winter radio locations. The river otters most 
frequently used areas with 100% ice cover (Fig. 5). Ice cover 
was especially important where mudflats separated the Flathead 
River from the banks. The exposed bottom at winter radio 
locations commonly featured ice-covered mud channels which 
acted as runways between the bank and the water, often leading 
to den entrances.
Den types varied. The otters used bank cavities 
(undercuts, cut banks, or obvious holes) most often throughout 
the year (Table 4). Bank cavity entrances were typically 
located under log ramps, tree roots, stumps, or overhanging
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Figure 5. Existing ice cover at winter radio locations. 
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Table 4: Den types occupied by the instrumented river otters each season.
DEN TYPE
SEASON
WINTER 
% n
SPRING 
% n
SUMMER 
% n
FALL
% n
Bank Hole, Undercut, or Cutbank 41.8 23 46.8 22 59.2 29 40.0 12
Beaver Lodge 7.3 4 12.8 6 12.2 6 6.7 2
Car Body 3.6 2 0 0 0 0 6.7 2
Concrete Pier 10.9 6 4.3 2 8.2 4 6.7 2
Dock 10.9 6 0 0 0 0 3.3 1
Embankment-no visible entrance 5.5 3 17.0 8 0 0 13.3 4
Ice Shelf and Beaver Cache 7.3 4 0 0 0 0 16.7 5
Ice Shelf and Log Jam 9.1 5 0 0 0 0 0 0
Inland Hole 1.8 1 2.1 1 6.1 3 3.3 1
Log Jam or Pile 0 0 0 0 4.1 2 0 0
Overhanging Vegetation 1.8 1 8.5 4 8.2 4 3.3 1
Rip Rap and Brush Pile 0 0 8.5 4 2.0 1 0 0
Total 100.0 55 100.0 47 100.0 49 100.0 30
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vegetation. During all seasons, the otters occupied beaver 
lodges, dense overhanging vegetation, and inland holes in the 
ground. The otters also denned under ice shelves. At these 
locations, the ice shelf extended over the exposed bottom or 
had formed over part of a beaver cache or log jam. The 
instrumented male otter was located beneath a concrete pier 
throughout the year and under a dock during fall and winter.
In April, the three mature females moved to den sites 
secure from the rising water levels of the Flathead River. 
Specifically, during the second week of April one female 
returned to the natal den she occupied the previous year. Her 
den site consisted of a slight hummock beside a shallow pond 
in a grazed cow pasture. She occupied this natal den until 
the second or third week in May. Also during the second week 
of April, another female moved to a dried back channel of a 
tributary near the braided section. Her den site consisted of 
an undercut bank cavity beneath a large log bridging the dried 
channel. The other mature female moved to a secluded bank den 
in a marshy intermittent creek near Weaver Slough sometime 
between April 12 and April 27.
In general, the river otters occupied areas having low to 
moderate bank heights and slopes (Table 5). Spring banks were 
significantly lower and flatter than winter banks at an 
overall P<0.05 and flatter than summer banks at an overall 
P<0.10.
Regarding inland cover characteristics (Table 5), grass
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Table 5. Sunary statistics of Bank Hei#t, Bank Slope, Herbaceous Vegetation, Overstory, and Woody Vegetation at 
occupied sites. The aean refers to the mean of all plots after averaging each plot's transects.
SEASON
WINTER (N=92 1 SPRING (N=68) 1 SUMMER (N=96) | FALL (N=44)
------- i--------- 1 1 -------------------------
VARIABLE MEDIAN MEAN SD [MEDIAN MEAN SD [MEDIAN MEAN SD [MEDIAN MEAN SD
Bank Height (i) | 0.61 0.73 0.48| 0.47 0.54 0.30[ 0.47 0.63 0.43[ 0.64 0.64 0.33
Bank Slope (degrees) 31.9 37.1 18.2| 25.2 29.1 14.31 25.2 35.1 20.7| 31.9 33.4 15.8
HeAaceous Vegetation (%) 72.9 68.3 26.8j 63.8 61.5 24.3| 70.7 65,1 28.3[ 79.9 76.4 26.2
Hnderstory (%) 19.0 26.5 23.0| 44.2 36.8 25.2[ 31.3 33.7 26.4[ 20.1 23.4 22.0
Woody Vegetation (%) 14.2 17.8 17.4| 23.1 20.7 15.1[ 16.4 21.1 17.6[ 7.9 13.0 15.7
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constituted the majority of the ground cover each season. Low 
woody vegetation, predominately snowberry, covered less than 
25% of the inland transect, on average. Tukey-Kramer 
simultaneous 95% confidence intervals showed significantly 
more herbaceous ground cover at fall otter locations than at 
spring locations. Conversely, spring otter locations had 
significantly more woody vegetation than fall locations 
according to 90% simultaneous confidence intervals. The mean 
percent rock averaged less than 10% every season, and the mean 
percent bare ground less than 5% (Appendix A). The mean 
percent understory cover, primarily dogwood, ranged from 
23% to 37% between seasons. Spring occupied sites had 
significantly more understory cover than winter and fall sites 
based on simultaneous 95% confidence intervals. Dogwood or 
hawthorn were the main overstory species, while cottonwood or 
birch dominated the tree canopy.
Beaver sign was common at sites occupied by the otters. 
The percent of sites with beaver cuttings ranged from 66% in 
the winter to 79% in the spring and summer. Mean frequencies 
of old and new beaver cuttings are given in Appendix A. The 
percent of plots with a beaver lodge ranged from 10% to 21% 
between seasons. Pearson chi-square analysis showed no 
significant difference in beaver lodge occurrence between 
seasons (DF=3, Chi-square=5.49, P=0.14). In addition, beaver 
caches were present at 7% of the winter sites and 14% of the 
fall sites.
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Other features included the presence of brush piles at a 
minimum of 14% of the otter locations each season, and the 
presence of docks or duck blinds at 10% of the winter 
locations and 12% of the spring locations.
The river otters occupied a variety of waterways. 
Locations occurred most frequently in tributaries of the 
Flathead River, primarily upper Ashley Creek, every season 
(Fig. 6, Table 6). Subsequently, the otters were located in 
the main channel of the Flathead River during winter, summer 
and fall. During spring, the otters occupied sloughs and 
ponds more frequently than the main channel. After the winter 
ice melted and before the river approached the banks, the 
Flathead River had extensive mudflats. The main channel 
provided little cover during this time, while emergent 
vegetation cover was available in sloughs. Furthermore, bank 
dens in the main channel and braided section of the Flathead 
river were most likely to be flooded during spring run-off. 
The river otters also occupied ponds regularly during the 
winter, spring and fall. Ponds offered relatively stable 
water levels during the spring and fall rivet fluctuations and 
provided ice cover during the winter.
Winter Habitat Selection
Winter occupied sites had significantly higher 
frequencies of old beaver cuttings, deeper and higher 
undercuts, less bare ground, more litter, and more bank holes 
than unoccupied sites at P<0.05 (Table 7). The distribution
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ra Figure 6. Comparison of seasonal radio locations by waterway category.
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Table 6: Number and percent of seasonal radio locations by waterway category.
SEASON
WATERWAY CATEGORY WINTER 
% n SPRING % n SUMMER1 n
FALL 
% n
Tributaries 23.9 22 46.3 31 40.6 39 43.2 19
Flathead River Main Channel 22.8 21 4.5 3 17.7 17 18.2 8
Ponds 19.6 18 17.9 12 4.2 4 13.6 6
Flathead River Sloughs 17.4 16 28.4 19 14.6 14 2.3 1
Flathead River Braided Section 2.2 2 0 0 5.2 5 6.8 3
Swan River 7.6 7 3.0 2 4.2 4 9.1 4
Bigfork Bay 6.5 6 0 0 0 0 2.3 1
Lakes 0 0 0 0 13.5 13 4.6 2
Total 100.0 92 100.0 67 100.0 96 1100.0 44
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Table 7. Wilcoxon rank sum comparisons of significantly different variables at winter 
occupied sites versus unoccupied sites. HO; The class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected 
under HO 
(E) 0/E
Std Dev 
Under HO
Mean
Score 2
Prob
> |z|
Bank Holes Occupied 67 3936.5 3551.0 1.11 147.4 58.7Unoccupied 38 1628.5 2014.0 0.81 147.4 42.6 -2.611 0.009
Bare Ground Occupied 68 3369.0 3842.0 0.88 165.1 49.5Unoccî>ied 44 2959.0 2486.0 1.19 165.1 67.2 2.862 0.004
Beaver Cuts Old Occupied 68 4385.0 3842.0 1.14 166.8 64.5
Unoccupied 44 1943.0 2486.0 0.78 166.8 44.2 -3.253 0.001
Litter Occupied 68 4194.5 3842.0 1.09 167.8 61.7Unoccupied 44 2133.5 2486.0 0.86 167.8 48.5 -2.097 0.036
Undercut Area Occupied 68 4202.0 3842.0 1.09 166.4 61.8
Unoccupied 44 2126.0 2486.0 0.85 166.4 48.3 -2.161 0.031
Undercut Depth Occupied 68 4209.0 3842.0 1.09 166.4 61.9
Unoccupied 44 2119.0 2486.0 0.85 166.4 48.2 -2.203 0.028
Undercut Height Occupied 68 4181.0 3842.0 1.09 166.4 61.5
Unoccupied 44 2147.0 2486.0 0.86 166.4 48.8 -2.035 0.042
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functions of the other quantitative variables did not differ 
significantly between occupied sites and unoccupied sites at 
P<0.10 (Appendix B).
In additionf beaver lodges or brush piles occurred 
significantly more often at occupied sites than at other
available sites (1 DF, Chi-square=6.75, P=0.01). According 
to Bonferroni 95% simultaneous confidence intervals, the river 
otters used areas without trees significantly less than 
expected and used sites where birch was the dominant species 
significantly more than expected by chance (Table 8).
Pearson chi-square comparisons of other dominant
vegetation types showed no differences in emergent, 
herbaceous, woody, and overstory species occurrence between 
classes at the 30% significance level, and no difference in 
understory species occurrence at the 15% significance level. 
There was some evidence that the river otters did not use 
waterway categories in proportion to their availability at 
unoccupied sites (4 DF, Chi-square= 8.43, P=0.08). However, 
Bonferroni 90% simultaneous confidence intervals did not 
identify any one waterway category used in greater or lesser 
proportion than expected (Table 9).
Because Bonferroni 95% confidence intervals identified 
the presence or absence of a tree canopy to be highly
significant, I included variable Tree in the stepwise
discriminant analysis procedure. Stepwise discriminant 
analysis selected the following ordered variables for
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Table 8. Comparison of dominant tree categories at winter occupied sites versus unoccupied sites. If the Bonferroni simultaneous confidence interval (Cl) includes 
0, that category of dominant tree is used in proportion to its availability at 
unoccupied sites. * Used significantly more than expected. ** Used significantly 
less than expected.
Observed (0) 
Expected (E) Index (0/E)
Row Percent (%)
DOMINANT TREE
No Trees Birch Cottonwood Other 1 Total
Occupied
Sites
0
E
0/E%
5
12.75
0.397.35
20
14.571.37
29.41
32
29.75
1.0847.06
11
10.93
1.0116.18
68
Unoccupied
Sites
0
E0/E
1
16
8.251.94
36.36
4
9.430.42
9.09
17
19.250.88
38.64
7
7.07
0.99
15.91
44
Total 1 21 1 24 1 49 1 18 1 112
Bonferroni 95% 
Simultaneous Cl
**
(0.09, 0.49)
*
(-0.38,-0.03) (-0.32, 0.15) (-0.18, 0.17)
Statistic
Chi-Square
DF
3
Value
17.57
Prob
0.001
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Table 9. Comparison of waterway categories at winter occupied sites versus unoccupied sites. 
If the Bonferroni simultaneous confidence interval (Cl) includes 0, that waterway category is 
used in proportion to its availability at unoccupied sites.
Observed (0) 
Expected (E) 
Index (0/E)
Row Percent (%)
WATERWAY CATEGORY
Braided Area Main Channel Ponds Sloughs Tributaries Total
Occupied
Sites
0
E0/E
%
2
4.86
0.41
2.94
2120.04
1.05
30.88
18
13.961.29
26.47
16
15.79
1.0123.53
1113.36
0.8216.18
0 6 12 5 10 11
Unoccupied E 3.14 12.96 9.04 10.21 8.64Sites 0/E 1.91 0.93 0.55 0.98 1.27
% 13.64 27.27 11.36 22.73 25.00
68
Total 33 23 26
44
22 1 112
Bonferroni 901 Simultaneous Cl (-0.02, 0.24) (-0.24, 0.17) (-0.32, 0.02) (-0.20, 0.18) (-0.10, 0.27)
Statistic
Chi-Square
DF
4
Value
8.43
Prob
0.077
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discriminating between occupied sites and unoccupied sites: 
Tree, Bare Ground, Beaver Cuts Old, Rock, Bank Slope, Undercut 
Area, and Beaver Lodge/Brush Pile (Table 10). Adding Woody 
Vegetation to the model after removing both Beaver Lodge/Brush 
Pile and Bare Ground produced the most accurate linear 
classification criterion. Linear discriminant analysis of 
Tree, Beaver Cuts Old, Rock, Bank Slope, Undercut Area, and 
Woody Vegetation correctly classified 80% of the calibration 
cases and 77% of the cross-validation cases (Table 11). 
Discriminant function coefficients are given in Table 12.
In comparison, the k=7 nearest neighbor discriminant 
function of variables Tree, Beaver Cuts Old, Rock, Bank Slope, 
Undercut Area, and Woody Vegetation correctly classified 76% 
of the calibration cases and 72% of the cross-validation cases 
(Appendix C). Pearson chi-square comparisons between linear 
discriminant analysis and the nearest neighbor method showed 
no significant differences in the calibration classification 
results (3 DF, Chi-square=0,48, P=0.93) nor in the cross-
validation classification results (3 DF, Chi-square=l.33, 
P=0.72).
Spring Habitat Selection
Spring occupied sites had significantly less inland water 
and more instream woody debris than unoccupied sites at 
P<0.05; occupied sites also had significantly higher 
frequencies of new beaver cuttings and flatter banks at P<0.07 
(Table 13). Wilcoxon rank sum comparisons of the other
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Table 10. Stepwise selection of variables for discriminating between winter 
occupied sites and unoccupied sites. Significance level for adding and retaining variables = 0.15.
Step Variable Entered
Partial
R**2 F Prob>F Wilks'Lambda Prob<Lambda
1 Tree 0.1303 16.328 0.0001 0.8697 0.00012 Bare Ground 0.0595 6.832 0.0102 0.8180 0.00013 Beaver Cuts Old 0.0388 4.322 0.0400 0.7862 0.00014 Rock 0.0290 3.169 0.0779 0.7634 0.00015 Bank Slope 0.0439 4.821 0.0303 0.7299 0.00016 Undercut Area 0.0574 6.330 0.0134 0.6880 0.00017 Beaver Lodge/Brusb Pile 0.0227 2.390 0.1252 0.6724 0.0001
Table 11. Classification summaries of winter plots using linear discriminant function analysis of Tree, Beaver Cuts Old, Rock, Bank Slope, Undercut Area, 
and woody Vegetation.
Number of Calibration Cases 
and Percent Classified into
Number of Cross-Validatiwi Cases 
and Percent Classified into
Number
Percent Occupied Unoccupied Total 0co4)ied Unocô ied Total
Occupied 57 11 68 54 14 68
Sites 83.82 16.18 100.00 79.41 20.59 100.00
Unoccupied 11 33 44 12 32 44
Sites 25.00 75.00 100.00 27.27 72.73 100.00
Total 68 44 112 66 46 112
Percent 60.71 39.29 100.00 58.93 41.07 100.00
Priors 0.50 0.50 0.50 0.50
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Table 12. Mean, standard deviation, median, and linear discriminant function coefficients (DFC) for winter discriminating variables.
35
Occupied Sites (N=68) Unoccupied Sites (H=44)
Variable Mean SD Median DFC Mean SD Median DFC'+— —— *4
Tree 0.93 0.26 1 5.3208 0.64 0.49 1 2.9141Beaver Cuts Old 0.60 0.29 0.67 4.1952 0.38 0.34 0.33 1.7672Rock 2.9 8.0 0 0.0419 0.7 4.2 0 -0.0590Bank Slope 37.2 20.5 30.2 0.0524 35.2 20.3 28.5 0.0986Undercut Area 1164 1783 354.5 -0.0003 420 537 114.5 -0.0010Woody Vegetation 
Constant
21.4 17.4 18.5 -0.0053-4.5095 20.4 17.5 13.9 0.0237-3.0177
Table 13. Wilcoxon rank sum comparisons of significantly different variables at spring occ\g>ied 
sites versus unoccupied sites. HO; Tte class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected Under HO 
(E) 0/E
Std Dev 
Under HO
Mean
Score 2
Prob
> |Z|
Bank Slope Occupied 35 1215.0 1400.0 0.87 98.8 34.7
Unoccupied 44 1945.0 1760.0 1.10 98.8 44.2 -1.868 0.062
Beaver Cuts New Occupied 35 1554.0 1400.0 1.11 79.9 • 44.4
Unoccupied 44 1606.0 1760.0 0.91 79.9 36.5 1.921 0.055
Inland Water Occupied 35 1263.0 1400.0 0.90 58.5 36.1
Unoccupied 44 1897.0 1760.0 1.08 58.5 43.1 -2.332 0.020
Woody Debris Occupied 35 1580.0 1400.0 1.13 90.7 45.1
Instream Unoccupied 44 1580.0 1760.0 0.90 90.7 35.9 1.979 0.048
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quantitative variables showed no differences between occupied 
sites and unoccupied sites at the 10% significance level 
(Appendix B).
In addition, beaver lodges or brush piles occurred more 
often at occupied sites than at unoccupied sites (1 DF, chi- 
square=3.65, P=0.G6). Bonferroni simultaneous confidence 
intervals applied to waterway categories showed that the 
otters used tributaries and the Flathead River braided section 
significantly less than expected by chance and used sloughs 
significantly more than expected by chance (Table 14). Otters 
occupied areas where birch or cottonwood dominated the tree 
canopy significantly less than expected by chance (Table 15) 
and occupied areas where grass was the predominant herbaceous 
vegetation significantly more than expected by chance (1 DF, 
Chi-square=4.38, P=0.04).
Pearson chi-square comparisons of other dominant 
vegetation types showed no significant differences in 
emergent, woody, understory, and tree species occurrence 
between occupied sites and unoccupied sites at P<0.10.
Stepwise discriminant analysis selected the following 
ordered variables for discriminating between occupied sites 
and unoccupied sites: Bank Slope, Vegetation Overhang, Water,
Beaver Lodge/Brush Pile, Woody Debris Inland, Beaver Cuts New, 
and Substrate (Table 16). Removing variables Beaver Cuts New 
and Substrate produced the most accurate classification 
criterion. Linear discriminant analysis of Bank Slope,
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Table 14. Comparison of waterway categories at spring occupied sites versus unoccupied sites. 
If the Bonferroni simultaneous confidence interval (Cl) includes 0, that waterway category is 
used in proportion to its availability at unoccupied sites. * Used significantly more than 
expected. ** Used significantly less than expected.
(«served (0) 
Expected (E) 
Index (0/E)Row Percent (I)
WATERWAY CATE(X)RY
EUraided Area Main Channel Ponds Sloughs Tributaries Total
0 0 3 11 19 2 35Occupied E 2.66 6.65 7.09 12.85 5.76Sites 0/E 0.00 0.45 1.55 1.47 0.35% 0.00 8.57 31.43 54.29
B BBBBBB BB ̂B ̂BBB ̂B ̂BBBBB ̂B̂ B J
5.71
0 6 12 5 10 11 44Unoccupied E 3.34 8.35 8.91 16.15 7.24
Sites 0/E 1.80 1.44 0.56 0.62 1.52
% 13.64 27.27 11.36 22.73 25.00
Total 15
Bonferroni 951
Simultaneous Cl ( 0.00, 0.27) (-0.02, 0.40) (-0.44, 0.04) (-0.59,-0.04) ( 0.00, 0.39)
7916 1 29 I 13 1
*
Bonferroni 90% 
Simultaneous Cl ( 0.02, 0.26) ( 0.00, 0.38) (-0.42, 0.01) (-0.56,-0.07)
**
( 0.02, 0.37)
Statistic
Chi-Square
DF
4
Value
21.93
Prob
0.000
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Table 15. Comparison of dominant overstory categories at spring occupied sites versus unoccupied 
sites. If the Bonferroni simultaneous confidence interval (Cl) includes 0, that category is 
used in proportion to its availability at unoccupied sites. ** Used significantly less than 
expected.
Observed (0) 
Expected (E) 
Index (0/E)Row Percent (%)
DOHIHAMT OVERSTORY
No Overstory
Birch/
Cottonwood
Dogwood/
Willow Hawthorn Other Total
Occupied
Sites
0
E
0/E
%
9
7.09
1.27
25.71
37.09
0.428.57
4
6.65
0.60
11.43
11
7.09
1.5531.43
8
7.09
1.13
22.86
35
Unoccupied
Sites
0
E
0/E
%
7
8.91
0.79
15.91
13
8.91
1.46
29.55
11
8.35
1.3225.00
5
8.910.56
11.36
8
8.91
0.9018.18
44
Total
Bonferroni 90% Simultaneous Cl
16
(-0.31, 0.12)
16
**
( 0.02, 0.40)
15
(-0.06, 0.33)
16
(-0.41, 0.01)
16 1 79 
(-0.26, 0.17)1
Statistic
Chi-Square
DF Value
4 11.14
Prob
0.025
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Table 16. Stepwise selection of variables for discriminating between spring 
occupied sites and unoccupied sites. Significance level for adding and retaining variables = 0.15.
Step Variable Entered
Partial
R**2 F Prob>F
Wilks'
Lambda Prob<Lambda
1 Bank Slope 0.0703 5.749 0.0190 0.9297 0.01902 Vegetation Overhang 0.0934 7.730 0.0069 0.8428 0.00163 Water 0.0872 7.066 0.0096 0.7693 0.00024 Beaver Lodge/Brush Pile 0.0623 4.848 0.0308 0.7214 0.0001
5 Woody Debris Inland 0.0603 4.623 0.0349 0.6779 0.0001
6 Beaver Cuts New 0.0331 2.434 0.1232 0.6554 0.0001
7 Substrate 0.0295 2.129 0.1490 0.6361 0.0001
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Vegetation Overhang, Water, Beaver Lodge/Brush Pile, and 
Inland Woody Debris correctly classified 80% of the 
calibration cases and 78% of the cross-validation cases (Table 
17). Discriminant function coefficients are given in Table 
18.
In comparison, the k=5 nearest neighbor discriminant 
function of Bank Slope, Vegetation Overhang, Water, Beaver 
Lodge/Brush Pile, and Inland Woody Debris correctly classified 
77% of the calibration cases and 71% of the cross-validation 
cases (Appendix C). Pearson chi-square comparisons between 
linear discriminant analysis and the nearest neighbor method 
showed no significant differences in the calibration 
classification results (3 DF, Chi-square=0.47, P=0.93) nor in 
the cross-validation classification results (3 DF, Chi- 
square=l.33, P=0.72).
Summer Habitat Selection
Summer occupied sites had significantly higher 
frequencies of old and new beaver cuttings, more understory 
cover, and more bank holes than unoccupied sites at P<0.05 
(Table 19). Occupied sites also had significantly longer 
vegetation overhang and more woody debris in the emergent 
areas than unoccupied sites at P<0.07. The distribution 
functions of the other quantitative variables did not differ 
significantly between occupied sites and unoccupied sites at 
P<0.10 (Appendix B).
In addition, beaver lodges or brush piles occurred
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Table 17. Classification summaries of spring plots using linear discriminant 
function analysis of Bank Slope, Vegetation Overhang, Water, Beaver Lodge/Brush 
Pile, and Woody Debris Inland.
NumberPercent
Number of Calibration Cases and Percent Classified into Number of Cross-Validation Cases and Percent Classified into
Occupied Unoccupied Total Occupied Unoccupied Total
Occupied
Sites
31
88.57 411.43 35100.00 3085.71 514.29 35100.00
Unoccupied
Sites 1227.27 3272.73
44
100.00
12
27.27 3272.73
44
100.00
TotalPercent 4354,43
36
45.57 79100.00 4253.16
37
46.84
79
100.00
Priors 0.50 0.50 0.50 0.50
Table 18. Mean, standard deviation, median, and linear discriminant function coefficients 
<DFC) for spring discriminating variables.
Occupied Sites (11=35) Unoccupied Sites (11=44)
------- —
Variable Mean SD Median DFC Mean SD Median DFC"+— ——
Bank Slope 25.9 13.9 21.8 0.0854 35.2 20.3 28.5 0.1747Vegetation Overhang 47.1 45.6 32.7 0.0006 40.0 43.0 30.0 -0.0222
Water 0.05 0.29 0 0.2446 0.90 2.40 0 0.6868
Beaver Lodge/Brush Pile 0.43 0.50 0 0.8857 0.23 0.42 0 -0.9664
Woody Debris Inland 
Constant
0.42 0.48 0.22 1.1298-1.5537
0.53 0.64 0.39 2.2566
-3.4321
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Table 19. Hîlcoïon rank sum comparisons of 
occupied sites versus unoccupied sites. HO:
significantly different variables at summer 
The class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected 
Under HO 
(E) 0/E
Std Dev 
Under BO
MeanScore 1
Prob
> |z|
Bank Holes OccupiedUnoccupied 5738
3098.0
1462.0
2736.0
1824.0
1.13
0.80
129.3
129.3
54.3
38.5 -2.796 0.005
Beaver Cuts Old Occupied
Unoccupied
62
44 3796.01875.0 3317.02354.0 1.140.80 155.0155.0
61.242.6 -3.087 0.002
Beaver Cuts New Occupied
Unoccupied 6244
3641.5
2029.5
3317.0
2354.0
1.10
0.86
129.9
129.9
58.7
46.1 -2.495 0.013
Understory Occupied
Unoccupied
62
44
3746.5
1924.5
3317.0
2354.0
1.13
0.82
155.9
155.9
60.4
43.7 -2.752 0.006
Vegetation
Overhang
Occiq>ied
Unoccupied
62
44
3606.02065.0 3317.02354.0 1.090.88 155.3155.3 58.246.9 -1.858 0.063
Woody Debris Qiergent OccupiedDnoccipied 6244
3561.5
2109.5
3317.0
2354.0
1.07
0.90
132.7
132.7
57.447.9 -1.839 0.066
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significantly more often at occupied sites than at unoccupied 
sites (1 DF, Chi-square=6.40, P=0.01). Bonferroni 90%
simultaneous confidence intervals applied to dominant emergent 
vegetation categories showed that cattail was used 
significantly more than in proportion to its availability at 
unoccupied sites (Table 20).
Pearson chi-square comparisons of other dominant 
vegetation types showed no significant differences in 
herbaceous, woody, understory, overstory, and tree canopy 
species occurrence between occupied sites and unoccupied sites 
at the 10% level.
Stepwise discriminant analysis selected the following 
ordered variables for discriminating between occupied sites 
and unoccupied sites: Beaver Lodge/Brush Pile, Beaver Cuts
New, Emergent Length, and Understory (Table 21). The addition 
of Undercut Area to the linear discriminant function produced 
the most accurate cross-validated classification criterion. 
Discriminant analysis of Beaver Lodge/Brush Pile, Beaver Cuts 
New, Emergent Length, Understory, and Undercut Area correctly 
classified 72% of the calibration cases and 71% of the cross- 
validation cases (Table 22). This is the only linear 
discriminant function that achieved at least a 70% cross- 
validation classification accuracy. Discriminant function 
coefficients are given in Table 23.
In comparison, the k=3 nearest neighbor discriminant 
function of Beaver Lodge/Brush Pile, Beaver Cuts New, Emergent
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Table 20. Comparison of dominant emergent vegetation at summer occupied sites versus unoccupied 
sites. If the Bonferroni simultaneous confidence interval (01) includes 0, that category of 
dominant emergent is used in proportion to its availability at unocciqtied sites. * Used 
significantly more than expected.
Observed (0) 
Expected (E) 
Index (0/E)
Row Percent (%)
DOMINANT EMERGENT
No Emergent Cattail Grass Rush/Willow Sedge Total
Occupied
Sites
0
E
0/E
%
23
22.81
1.01
37.10
23 5 5 616.96 8.19 6.43 7.60
1.36 0.61 0.78 0.79
37.10 8.06 8.06 9.68
6 9 6 7
12.04 5.81 4.57 5.40
0.50 1.55 1.31 1.30
13.64 20.45 13.64 15.91
62
Unocoq>ied
Sites
0
E
0/E
%
16
16.19
0.99
36.36
44
Total 39 29 14 11 13 106
Bonferroni 90% 
Simultaneous Cl (-0.23, 0.21)
*
(-0.42,-0.05) (-0.04, 0.29) (-0.09, 0.20) (-0.09, 0.22)
Statistic DF Value Prob
Chi-Square 9.757 0.045
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Table 21. Stepwise selection of variables for discriminating between summer occupied sites and 
unoccupied sites. Significance level for adding and retaining variables = 0.15.
Step Variable Entered Variable Removed PartialR**2 F Prob>F
Wilks'
Lambda Prob<Lambda
1 Beaver Cuts Old 0.0900 10.291 0.0018 0.9100 0.00182 Beaver Lodge/Brush Pile 0.0334 3.557 0.0621 0.8796 0.00143 Beaver Cuts New 0.0391 4.148 0.0443 0.8452 0.00064 Emergent Length 0.0399 4.200 0.0430 0.8115 0.00035 Dnderstory 0.0294 3.029 0.0849 0.7876 0.00026 Beaver Cuts Old 0.0116 1.169 0.2822 0.7968 0.0001
Table 22. Classification summaries of summer 
function analysis of Beaver Lodge/Brush Pile, 
Dnderstory, and Undercut Area.
plots using linear discriminant 
Beaver Cuts New, Emergent Length,
Number of Calibration Cases 
and Percent Classified into
Number of Cross-validation Cases 
and Percent Classified into
NumberPercent Occupied Onoccî ied Total Occupied Unocoq>ied Total
Occupied
Sites
44
70.97
18
29.03
62
100.00
44
70.97
18
29.03
62
100.00
Unoccupied
Sites
12
27.27
32
72.73
44
100.00
13
29.55
31
70.45
44
100.00
Total
Percent
56
52.83
50
47.17
106
100.00
57
53.77
49
46.23
106
100.00
Priors 0.50 0.50 0.50 0.50
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Table 23. Mean, standard deviation, median, and linear discriminant function coefficients 
(DFC) for summer discriminating variables.
Occqiied Sites (H=62) Unoccupied Sites (N=44)
Variable Mean SD Median DFC 1 Mean SD Median DFC
Beaver Lodge/Brush Pile 0.47 0.50 0 2.8145 0.23 0.42 0 1.4595
Beaver Cuts New 0.10 0.16 0 5.9683 0.03 0.06 0 1.5043Emergent Length 3.8 6.5 0.8 0.3307 3.1 5.8 0.5 0.2189Understory 39.2 24.4 38.3 0.0810 26.1 22.1 22.8 0.0584Undercut Area 718 1073 224.5 0.0009 420 537 114.5 0.0005Constant -3.5101 •1.4036
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Length, Understory, and Undercut Area correctly classified 83% 
of the calibration cases and 67% of the cross-validation 
cases (Appendix C). Pearson chi-square comparisons between 
linear discriminant analysis and the nearest neighbor method 
showed no significant differences in the calibration 
classification results (3 DF, Chi-square=4.10, P=0.25) nor in 
the cross-validation classification results (3 DF, Chi- 
square=0.50, P=0.92).
Fall Habitat Selection
Fall occupied sites had significantly more bank holes, 
higher frequencies of old and new beaver cuttings, deeper and 
higher undercuts, and less bare ground than unoccupied sites 
at P<0.05 (Table 24). Occupied sites also had significantly 
steeper banks and longer vegetation overhang than unoccupied 
sites at P<0.07. Wilcoxon rank sum comparisons of the other 
quantitative variables showed no differences between occupied 
sites and unoccupied sites at the 10% significance level 
(Appendix B).
Unlike the other seasons, the frequency of Beaver 
Lodge/Brush Pile did not differ significantly between fall 
river otter locations and unoccupied sites (1 DF, Chi- 
square=2.00, P=0.16). Regarding inland cover types, the 
dominant woody vegetation categories differed between occupied 
sites and unoccupied sites at P<0.10 (Table 25), but 
Bonferroni 90% simultaneous confidence intervals did not 
identify any one category used in greater or lesser proportion
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Table 24. Wilcoxon rank sum comparisons of significantly different variables at fall occupied 
sites versus unoccupied sites. HO: The class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected 
Under HO 
(E) 0/E
Std Dev 
Under HO
Mean
Score Z
Prob
> |z|
Bank Holes Occupied 23 916.0 713.0 1.28 65.5 39.8
Unoccupied 38 975.0 1178.0 0.83 65.5 25.7 3.091 0.002
Bank Slope Occupied 23 923.5 782.0 1.18 75.3 40.1
Unoccupied 44 1354.5 1496.0 0.90 75.3 30.8 1.872 0.061
Bare Ground Occupied 23 582.0 782.0 0.74 74.1 25.3
Unoccupied 44 1696.0 1496.0 1.13 74.1 38.5 •2.691 0.007
Beaver Cuts New Occupied 23 925.0 782.0 1.18 60.9 40.2
Unoccupied 44 1353.0 1496.0 0.90 60.9 30.7 2.339 0.019
Beaver Cuts Old Occupied 23 1029.0 782.0 1.32 75.0 44.7
Unoccupied 44 1249.0 1496.0 0.83 75.0 28.4 3.285 0.001
Undercut Area Occupied 23 1000.0 782.0 1.28 75.1 43.5
Unoccupied 44 1278.0 1496.0 0.85 75.1 29.0 2.896 0.004
Undercut Depth Occupied 23 990.5 782.0 1.27 75.1 43.1
Unoccupied 44 1287.5 1496.0 0.86 75.1 29.3 2.770 0.006
Undercut Height Occupied 23 1002.0 782.0 1.28 75.1 43.6
Unoccupied 44 1276.0 1496.0 0.85 75.1 29.0 2.924 0.004
Vegetation Occupied 23 920.0 782.0 1.18 75.5 40.0
Overhang Unoccupied 44 1358.0 1496.0 0.91 75.5 30.9 1.821 0.068
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Table 25. Comparison of dominant woody vegetation categories at fall 
occupied sites versus unoccupied sites. If the Bonferroni simultaneous 
confidence interval (01] includes 0, that category is used in proportion 
to its availability at unoccupied sites.
Observed (0) 
Expected (E) 
Index (0/E)
Row Percent (%)
DOMINANT WOODY VEGETATION
Dogwood
Cottonwood, 
Rose or Willow Snowberry Total
23
Occupied
Sites
0
E
0/E
%
9
5.48
1.64
39.13
6
6.94
0.86
26.09
8
10.59
0.75
34.78
0 6 13 21 40
Unoccupied E 9.52 12.06 18.41
sites 0/E 0.63 1.08 1.14
% 15.00 32.50 52.54
Total 15 19 29 63
Bonferroni 90% 
Simultaneous Cl (-0.52, 0.04) (-0.22, 0.35 ) (-0.13, 0.48 )
Statistic
Chi-Square
DF Value
2 4.77
Prob
0.092
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than expected. Pearson chi-square comparisons of other 
dominant vegetation types showed no significant differences in 
emergent, herbaceous, understory, overstory, and tree species 
occurrence between occupied sites and unoccupied sites at 
P<0.10. Furthermore, the river otters used waterway 
categories in proportion to their availability at P<0.20.
Stepwise discriminant analysis selected the following 
ordered variables for discriminating between occupied sites 
and unoccupied sites: Beaver Cuts Old, Substrate, Rock,
Undercut Area, Understory, and Vegetation Overhang (Table 26). 
Adding variable Total Woody Debris to the model after removing 
Substrate, Rock, and Vegetation Overhang produced the most 
accurate classification criterion. Linear discriminant
analysis of Beaver Cuts Old, Undercut Area, Understory, and 
Total Woody Debris correctly classified 76% of the calibration 
cases and 75% of the cross-validation cases (Table 27). 
Discriminant function coefficients are given in Table 28.
Likewise, the k=7 nearest neighbor discriminant function 
of Beaver Cuts Old, Undercut Area, Understory, and Total Woody 
Debris correctly classified 76% of the calibration cases and 
75% of the cross-validation cases (Appendix C). Pearson chi- 
square comparisons between linear discriminant analysis and 
the nearest neighbor method showed no significant differences 
in the calibration classification results (3 DF, Chi- 
square=0.75, P=0.86) nor in the cross-validation 
classification results (3 DF, Chi-square=0.74, P=0.86).
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Table 26. Stepwise selection of variables for discriminating between fall occupied sites and 
unoccupied sites, significance level for adding and retaining variables = 0.15.
Step Variable Entered Variable Removed
Partial
R**2 F Prob)F
Wilks'
Lambda Prob<Lambda
1 Beaver Cuts Old 0.1701 13.322 0.0005 0.8299 0.0005
2 Substrate 0.0720 4.962 0.0294 0.7702 0.0002
3 Herbaceous Vegetation 0.0544 3.624 0.0615 0.7283 0.0002
4 Rock 0.0504 3.293 0.0744 0.6916 0.0001
5 Undercut Area 0.0347 2.192 0.1438 0.6676 0.0001
6 Dnderstory 0.0602 3.840 0.0547 0.6274 0.0001
7 Herbaceous Vegetation 0.0151 0.922 0.3408 0.6370 0.0001
8 Vegetation Overhang 0.0491 3.101 0.0834 0.6057 0.0001
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Table 27. Classification summaries of fall plots using linear discriminant 
function analysis of Beaver Cuts Old, Undercut Area, Dnderstory, and Total 
Woody Debris.
Number
Percent
Number of Calibration Cases 
and Percent Classified into
Number of Cross-Validation Cases 
and Percent Classified into
Occupied Unoccupied Total Occig>ied Unoccupied Total
Occupied
Sites
19
82.61
4
17.39
23
100.00
19
82.61
4
17.39
23
100.00
Unoccupied
Sites
12
27.27
32
72.73
44
100.00
13
29.55
31
70.45
44
100.00
Total
Percent
31
46.27
36
53.73
67
100.00
32
47.76
35
52.24
67
100.00
Priors 0.50 0.50 0.50 0.50
Table 28. Mean, standard deviation, median, and linear discriminant function 
coefficients (DFC) for fall discriminating variables.
Variable
Occupied Sites (N=23) | Dnocctg>ied Sites (M=44)
Mean SD Median DFC | Mean SD Median DFC
Beaver Cuts Old 0.68 0.25 0.67 5.8433 0.38 0.34 0.67 2.5963
Undercut Area 924 925 656 0.0007 420 537 868 -0.0001
Understory 27.0 18.3 23.9 0.0155 26.1 22.1 22.8 0.0451
Total Woody Debris 4.7 5,2 2.0 0.0262 9.3 12.3 5.5 0.0751
Constant -2.5908 -1.4109
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DISCUSSION
The results of this study indicate that different habitat 
components are important to river otters during different 
seasons. Habitat selection investigations revealed that 
preferences were not consistent between seasons. Also, values 
for several habitat variables differed significantly between 
seasons. Furthermore, the combination of variables that best 
discriminated between occupied sites and unoccupied sites 
differed between seasons. River otters in the Flathead River 
Valley appeared to select habitats based on the availability 
of cover.
Winter
The otters preferred areas with large undercuts, tree 
canopies, and high frequencies of old beaver cuttings during 
winter. These variables, as well as woody vegetation, rock, 
and bank slope, are important for discriminating between 
winter occupied sites and other available sites.
Undercut banks characterized otter habitat throughout the 
year, but appeared to be especially important in the winter. 
Undercuts at winter use sites were significantly deeper than 
those at spring and summer sites. Vegetative cover is more 
limited in the winter, increasing the importance of undercuts 
and other bank cavities as shelter. Zackheim (1982) 
identified undercut banks as one of the main factors 
contributing to excellent otter habitat on the Jefferson River 
in southwestern Montana.
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Otter locations had significantly higher frequencies of 
old beaver cuttings, showing an affinity for areas used by 
beaver. The otters also showed a preference for beaver lodges 
or brush piles. The association of river otters with beavers 
is well known. Otter use of beaver dens and lodges as den and 
resting sites has been observed repeatedly (Anderson 1982, 
Zackheim 1982, Melquist and Hornocker 1983, Polechla and 
Sealander 1985, Bradley 1986, McDonald 1989, Dronkert-Egnew 
1991).
In this study, average winter banks used by the otters 
were moderate but slightly steeper than unoccupied banks. 
Steeper banks may be important in the winter due to the 
positive correlation with undercut banks and the negative 
correlation with mudflat length. Larsen (1983) suggested that 
river otters in southeastern Alaska selected steep shores due 
to the corresponding short intertidal distances between the 
water and the forest. Woolington (1984) also found that 
otters in southeastern Alaska used areas near steep shores, 
probably because they provided shelter close to shore.
The otters also preferred areas with more litter and less 
bare ground, which corresponds to the high use of areas with 
tree canopies in the winter.
During the winter of 1988 when the rivers and tributaries 
were partially frozen, the otters appeared to be selecting for 
iced-over areas, but I did not obtain availability data for 
comparison. One female otter inhabited an iced-over pond for
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6 weeks; she left when the ice shelves started to melt and 
collapse. Similarly, Reid (1984) located a male otter in an 
ice-covered lake for several months. Melquist and Hornocker 
(1983) suggested that otters used lakes, reservoirs and ponds 
more often in the winter because of the ice cover. Ice 
provides an important source of cover in this study area, 
especially where extensive mudflats reduce the accessibility 
of bank cover. Late winter and early spring, after the ice 
melts and before the river approaches the banks, is probably 
a particularly vulnerable time for otters occupying the lower 
main stem Flathead River.
Spring
During spring, the otters showed a preference for flatter 
banks, beaver lodges or brush piles, and less inland water. 
These variables plus vegetation overhang and inland woody 
debris are important for discriminating between occupied sites 
and other available sites.
The significance of flat banks in the spring was also 
identified through seasonal comparisons of bank slopes at 
occupied sites. The spring preference for drier inland areas 
probably reflects the females' use of den sites secure from 
the rising water levels of the Flathead River. Other studies 
have documented otter use of natal dens removed from the main 
shore (Reid 1982, Melquist and Hornocker 1983, Woolington 
1984, Dronkert-Egnew 1991). Bissell and Bown (1987)
suggested that nonfluctuating off-river sites may be critical 
for river otter reproduction.
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The importance of vegetation overhang in the spring was 
also identified through seasonal comparisons. Vegetation 
overhang occurred most often and was significantly longer at 
spring use areas than at fall and summer areas. River otters 
in Idaho also used riparian vegetation most often during 
spring (Melquist and Hornocker 1983). As suggested by 
Melquist and Hornocker (1983), spring flooding of many bank 
dens may increase the relative importance of vegetation 
overhang as shelter.
Other spring preferences include the presence of instream 
woody debris and new beaver cuttings. The association between 
otter and beaver habitat was again evident at spring occupied 
sites. The high use of instream woody debris may be due to 
the otters' increased marking during the spring (Zackheim 
1982, Foy 1984, Bissell and Bown 1987, Dronkert-Egnew 1991). 
Otters in Idaho defecated most often on prominent sites such 
as exposed logs extending into the water (Melquist and 
Hornocker 1983).
The braided section of the Flathead River was not used 
during the spring, most likely due to the high velocity run­
off, while sloughs were preferred. This parallels Dronkert- 
Egnew' s (1991) findings of no scat in the braided section and 
high numbers of scats in sloughs during peak flows.
Summer
Summer habitat preferences include beaver lodges or brush 
piles, new beaver cuttings, and understory cover. These
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variables plus undercut area and emergent length are important 
for discriminating between summer occupied sites other 
available sites. Similar to winter and spring, the otters 
showed an affinity for beaver use areas in the summer.
Riparian vegetation is recognized as a key component of 
otter habitat (Melquist and Dronkert 1987). In my study, 
summer river otter habitat was characterized by abundant 
vegetative cover. The otters occupied sites with
significantly more understory cover and longer vegetation 
overhang than unoccupied sites. Other otter studies have 
shown similar preferential use of dense bank vegetation 
(Jenkins and Burrow 1980, Zackheim 1982, Larsen 1983, 
Woolington 1984, Dronkert-Egnew 1991).
River otters in Arkansas were observed in rush, sedge, 
and cattail marshes (Polechla and Sealander 1985). Melquist 
and Hornocker (1983) observed that marshes were important to 
river otter family groups during summer. The importance of 
emergent vegetation, especially in the summer, was also 
apparent in this study. The predominant cattail marshes in 
summer were significantly longer than the mostly sedge and 
grass marshes used in fall and winter. Cattail marshes 
enabled the river otters to be active but hidden from nearby 
swimmers, boaters, and fishermen. In particular, the otters 
showed a preference for emergent vegetation that contained 
woody debris. Otter scat was often found on woody debris in 
emergent areas.
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The otters also preferred areas having old beaver cuts 
and bank holes in the summer.
Fall
Fall habitat preferences include large undercuts and old 
beaver cuttings. These variables plus understory cover and 
total woody debris are important for discriminating between 
fall occupied sites and other available sites.
Comparable to summer, the otters occupied sites with more 
understory cover and longer vegetation overhang than 
unoccupied sites. Similar to winter, the otters occupied 
sites with significantly larger undercut areas than unoccupied 
sites. The importance of undercut banks may increase as 
vegetative cover becomes more limited during fall. The 
preference for areas with high frequencies of beaver cuttings 
was also evident the other 3 seasons. However, no 
preferential use of beaver lodges or brush piles was evident 
during fall which may be due to trapping activity at these 
sites.
Although the otters exhibited strong seasonal habitat 
preferences, discriminant function analyses did not strongly 
separate areas used by river otters from unoccupied areas in 
the study area. The best cross-validation classification 
rates ranged from 71% to 78%, showing a fairly substantial 
overlap between occupied sites and unoccupied sites. This 
suggests that a great deal of suitable habitat was available
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to the otters, and many unoccupied sites resembled the 
occupied locations. Part of the classification error may be 
due to the difficulty in determining mutually exclusive use 
and non-use areas. Some of the unoccupied sites may have been 
used by the otters, and some of the triangulation locations 
may have been non-use areas. Also, I did not measure prey 
availability which Melquist and Hornocker (1983) found to be 
the greatest influence of river otter habitat use in Idaho. 
The greatest influence of river otter habitat use identified 
in this study was the availability of cover.
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RECOMMENDATIONS
The seasonal availability of cover is an important factor 
for managers to consider when assessing the quality of river 
otter habitat. Cover components that varied seasonally in 
importance to river otters inhabiting the Flathead River 
Valley included overhanging vegetation, undercut banks, 
cattail marshes, understory cover, and beaver lodges or brush 
piles.
Riparian habitat conservation is essential to insuring 
that stable populations of river otters persist in Montana. 
River otter habitat management efforts should concentrate on 
protecting riparian forests and marshes, insuring bank 
stability, and maintaining beaver and fish populations. 
Serious threats to riparian habitats used by otter include 
livestock grazing, timber harvest, agricultural clearing, 
residential and recreational developments, and erosional 
losses due to water level manipulations.
Control of new development is needed to prevent further 
damage to the riparian zones. Tax incentives and regulations 
to protect the riparian corridor should be adopted by state 
and federal legislatures. Local riparian protection policies 
should also be implemented. The opportunity to observe 
wildlife is one reason landowners pay premium prices for 
waterfront properties. Residential development impacts may be 
reduced by educating landowners about the benefits of 
maintaining riparian cover.
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Landowners should be informed about government programs 
that provide technical assistance and financial incentives for 
protecting ponds, marshes, and riparian zones. Many riparian 
conservation programs are available through the U.S. 
Agricultural Stabilization and Conservation Service and the 
Soil Conservation Service, such as the Conservation Technical 
Assistance Program, Great Plains Conservation Program, 
Agriculture Conservation Program, Resource Conservation and 
Development Program, and Conservation Reserve Program. MDFWP 
should work closely with other government conservation 
agencies to promote these type of programs.
Public acquisition and easement programs can be 
instigated to secure areas for river otters. Protection of 
river otter habitat would also be of great benefit to beaver, 
mink, muskrat, bald eagle, osprey, white-tailed deer, and many 
other wildlife species. Important habitat characteristics 
identified in this study should be used to develop criteria 
for ranking potential wildlife easement or acquisition 
properties in the northern Flathead Valley.
Restoration and enhancement of riparian zones would also 
be of obvious benefit to river otters. Riparian forest 
regeneration and re-establishment of shrubs along denuded 
banks will provide cover and denning sites required by otters. 
Water level manipulations that encourage emergent plant growth 
would enhance river otter summer habitat.
On regulated rivers, the effects of water level changes
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on river otter habitat should be interpreted in terms of cover 
accessibility.
Surveys should be conducted to determine the distribution 
of river otters in Montana. Sign surveys should incorporate 
the seasonally important habitat components identified in this 
project. Trapper and landowner surveys would provide valuable 
information on otter use of drainages throughout Montana. 
Reports of otter sitings should also be solicited from boaters 
and fishermen.
Given the number of tributaries associated with the main 
stem Flathead River, every effort should be made to monitor 
and maintain this core population of otters and other core 
dispersal populations. As suggested by Anderson (1982), local 
no trapping areas could be established to protect traditional 
denning and feeding areas used by otter family groups. 
Trapping should be restricted at key latrine sites and travel 
corridors used by several family groups.
Steps should be taken to reduce the incidental trapping 
of river otters. MDFWP should provide trappers with otter 
sign identification information and encourage them to avoid 
trapping otter. A trapper education program would be 
especially beneficial during periods of high pelt prices which 
attract novice trappers. A research study that identifies 
significant differences between river otter habitat and beaver 
habitat would be valuable. Also, controlled experiments 
should be conducted to determine ways that otter can be
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deterred from entering conibear traps without influencing 
beaver.
Additional information is also needed about river otter 
natal den requirements.
I strongly agree with Zackheim (1982) that "MDFWP should 
work toward establishing drainage-specific otter management 
regulations." These regulations should be based on river 
otter habitat quality and quantity, harvest, and population 
trends.
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APPENDIX A: Habitat use summary statistics by season
Table 1. Summary statistics by season. The mean refers to the mean of all occupied plots after averaging each plot's 
transects.
SEASON
WINTER (N=92) | SPRING (N=68) j SUHMER (K=96) | FALL (N=44)
VARIABLE MEDIAN MEAN SD 1MEDIAN MEAN SD 1MEDIAN MEAN SD 1MEDIAN MEAN SD
Bank Slqie (degrees) 31.9 37.1 18.2] 25.2 29.1 14.3] 25.2 35.1 20.7] 31.9 33.4 15.8
BaiA Height (m) 0.61 0.73 0.48] 0.47
. .. -
0.54 0.30] 0.47 0.63 0.43] 0.64 0.64 0.33
Bare Ground (%) 0.4 1.8 2.8] 2.4 4.8 5.2] 0.7 4.0 6.2] 0 2.3 6.8
Beaver Cuts New (frequency)| 0 0.06 0.16] 0 0.09 0.17] 0 0.08 0.15] 0 0.08 0.16
Beaver Cuts Old (frequency)] 0.56 0.48 0.34] 0.33 0.39 0.31] 0.5 0.48 0.37] 0.50 0.44 0.38
Emergent Length (m) 0.1 1.7 3.5] 0.2 2.4 5.3] 0.6 5.3 9.5] 0.5 1.7 4.8
HeAaceous Vegetation (%} 72.9 68.3 26.8] 63.8 61.5 24.3] 70.7 65.1 28.3] 79.9 76.4 26.2
Itock (1) 0 7.9 19.6] 0 3.3 13.2] 0 3.5 15.4] 0 6.0 17.7
Litter (%) 45.2 43.7 29.3] 56.5 51.3 29.8] 42.4 41.8 31.5] 29.5 33.1 28.2
Stbstrate (mm) 1.0 71.3 160.0] 1.0 24.3 lOl.l] 1.0 31.2 120.7] 1.0 49.2 133.1
Dnderstory (%) | 19.0 26.5 23.0] 44.2 36.8 25.21 31.3 33.7 26.4] 20.1 23.4 22.0
Undercut Depth (cm) j 12.8 26.5 29.8] 4.2 10.0 13.9] 9.3 16.3 20.0] 16.5 19.3 20.9
Undercut Height (cm) j 7.6 12.7 14.0] 3.5 5.7 7.3] 6.3 9.9 11.0] 8.2 9.9 9.7
Undercut Area (cm2) 1354.5 1364.4 1967.9|U7.5 365.7 584.0|224.5 628.8 951.6]504.5 770.8 1131.3
Vegetation OveAang (cm) j 20.3 39.6 46.6] 46.6 56.2 46.7] 32.3 46.8 47.6] 30.3 35.7 37.6
Nbody Vegetation (%) j 14.2 17.8] 17.4] 23.1 20.7 15.1] 16.4 21.1 17.6] 7.9 13.0 15.7
6 7
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Table 1. Wilcoxon rank sub comparisons of non-significantly different variables at winter
occupied sites versus unoccupied sites. HO: The class distribution functions are equal.
Sum of Expected
Scores under HO Std Dev Mean Prob
VARIABLE Class M (0) (E) 0/E Under HO Score 2 > |z|
Bank Slope Occupied 68 4013.5 3842.0 1.04 166.8 59.0
Unoccupied 44 2314.5 2486.0 0.93 166.8 52.6 -1.025 0.305
Bank Height Occupied 68 3965.0 3842.0 1.03 166.0 58.3
Unoccupied 44 2363.0 2486.0 0.95 166.0 53.7 -0.738 0.461
Beaver Cuts New Occupied 68 4014.5 3842.0 1.04 130.4 59.0
Unoccupied 44 2313.5 2486.0 0.93 130.4 52.6 -1.319 0.187
Emergent Length Occupied 67 3624.5 3752.0 0.97 161.0 54.1
Unoccupied 44 2591.5 2464.0 1.05 161.0 58.9 0.789 0.430
Herbaceous Occupied 68 3835.5 3842.0 1.00 167.8 56.4
Ve^tation Unoccupied 44 2492.5 2486.0 1.00 167.8 56.6 0.036 0.971
Inland Water Occupied 68 3825.0 3842.0 1.00 116.4 56.2
Unoccupied 44 2503.0 2486.0 1.01 116.4 56.9 0.142 0.887
Rock Occupied 68 4006.0 3842.0 1.04 104.8 58.9
Unocctqtied 44 2322.0 2486.0 0.93 104.8 52.8 -1.560 0.119
Substrate Occupied 68 3901.0 3842.0 1.01 99.4 57.4
Unoccupied 44 2427.0 2486.0 0.98 99.4 55.2 -0.589 0.556
Total Woody Occupied 68 3877.5 3842.0 1.01 167.3 57.0
Debris Unoccupied 44 2450.5 2486.0 1.00 167.3 55.7 -0.209 0.834
Understory Occupied 68 3963.0 3842.0 1.03 167.8 58.3
Unoccupied 44 2365.0 2486.0 0.95 167.8 53.7 -0.718 0.473
Vegetation Occupied 68 3973.0 3842.0 1.03 166.5 58.4
Overhang Unoccupied 44 2355.0 2486.0 0.95 166.5 53.5 -0.784 0.433
Woody Occupied 68 3884.0 3842.0 1.01 167.8 57.1
Vegetation Unoccupied 44 2444.0 2486.0 0.98 167.8 55.4 -0.247 0.805
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Table 2. Wilcoxon rank sum comparisons of non-significantly different variables at spring
occupied sites versus unoccq)ied sites. HO: The class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected 
Under HO 
(E) 0/E
Std Dev 
Under HO
Mean
Score Z
Prob
> |2l
Bank Height Occupied 35 1285.5 1400.0 0.92 99.0 36.7
Unoccupied 44 1874.5 1760.0 1.06 99.0 42.6 -1.151 0.249
Bank Holes Occupied 32 1172.0 1136.0 1.03 80.1 36.6
Unoccupied 38 1313.0 1349.0 0.97 80.1 34.5 0.443 0.657
Bare Ground Occupied 35 1429.5 1400.0 1.02 100.4 40.8
Unoccupied 44 1730.5 1760.0 0.98 100.4 39.3 0.289 0.773
Beaver Cuts Old Occupied 35 1365.0 1400.0 0.97 99.8 39.0
Unoccupied 44 1795.0 1760.0 1.02 99.8 40.8 -0.346 0.730
Emergent Length Occupied 34 1439.0 1343.0 1.07 97.9 42.3
Unoccupied 44 1642.0 1738.0 0.94 97.9 37.3 0.975 0.329
Herbaceous Occupied 35 1361.0 1400.0 0.97 101.2 38.9
Vegetation Unoccupied 44 1799.0 1760.0 1.02 101.2 40.9 -0.380 0.704
Litter Occupied 35 1483.0 1400.0 1.06 101.1 42.4
Unoccupied 44 1677.0 1760.0 0.95 101.1 38.1 0.816 0.414
Rock Occupied 35 1445.0 1400.0 1.03 55.9 41.3
Unoccupied 44 1715.0 1760.0 0.97 55.9 39.0 0.796 0.426
Substrate Occiçied 35 1429.0 1400.0 1.02 58.5 40.8
Unoccupied 44 1731.0 1760.0 0.98 58.5 39.3 0.487 0.626
Total Woody Occupied 35 1366.5 1400.0 0.98 100.5 39.0
Debris Unoccupied 44 1793.5 1760.0 1.02 100.5 40.8 -0.328 0.743
Undercut Depth Occupied 35 1351.0 1400.0 0.96 98.5 38.6
Unoccupied 44 1809.0 1760.0 1.03 98.5 41.1 -0.492 0.622
Undercut Height Occupied 35 1320.5 1400.0 0.94 98.5 37.7
Unoccupied 44 1839.5 1760.0 1.04 98.5 41.8 -0.802 0.422
Understory Occupied 35 1340.0 1400.0 0.96 101.0 38.3
Unoccupied 44 1820.0 1760.0 1.03 101.0 41.4 -0.589 0.556
Vegetation Occupied 35 1465.0 1400.0 1.05 100.1 41.9
Overhang Unoccupied 44 1695.0 1760.0 0.96 100.0 38.5 0.645 0.519
Woody Occupied 35 1377.0 1400.0 0.98 101.0 39.3
Vegetation Unoccupied 44 1783.0 1760.0 1.01 101.0 40.5 -0.223 0.824
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Table 3. Wilcoxon rank sun comparisons of non-significantly different variables at summer
occupied sites versus unoccupied sites. HO: The class distribution functions are equal.
Sum of Expected
Scores Under HO Std Dev Mean Prob
VARIABLE Class N (0) (E) 0/E Under HO Score I > |2|
Bank Height Occupied 62 3423.0 3317.0 1.03 154.1 55.2
Unoccupied 44 2248.0 2354.0 0.95 154.1 51.1 -0.685 0.493
Bank Slope Occupied 62 3465.0 3317.0 1.04 154.5 55.9
Unoccupied 44 2206.0 2354.0 0.94 154.5 50.1 -0.955 0.340
Bare Ground Occupied 62 3085.0 3317.0 0.93 152.6 49.7
Unoccupied 44 2586.0 2354.0 1.10 152.6 58.8 1.517 0.129
Emergent Length Occupied 62 3405.0 3317.0 1.03 152.0 54.9
Unoccupied 44 2266.0 2354.0 0.96 152.0 51.5 -0.575 0.565
Herbaceous Occupied 62 3083.5 3317.0 0.93 155.9 49.7
Vegetation Unoccupied 44 2587.5 2354.0 1.10 155.9 58.8 1.494 0.135
Inland Water Occupied 62 3284.0 3317.0 0.99 104.3 53.0
Unoccupied 44 2387.0 2354.0 1.01 104.3 54.2 0.312 0.755
Litter Occupied 62 3541.0 3317.0 1.07 155.9 57.1
Unoccupied 44 2130.0 2354.0 0.90 155.9 48.4 -1.434 0.152
Rock Occupied 62 3302.0 3317.0 0.99 75.4 53.3
Unoccupied 44 2369.0 2354.0 1.01 75.4 53.8 0.192 0.847
Substrate Occupied 62 3375.0 3317,0 1.02 94,5 54.4
Unoccupied 44 2296.0 2354,0 0.97 94.5 52.2 -0.608 0.543
Total Woody Occupied 62 3375.5 3317.0 1.02 155.3 54.4
Debris Unoccupied 44 2295.5 2354.0 0.97 155.3 52.2 -0.373 0.709
Undercut Depth Occupied 62 3492.0 3317.0 1.05 154.0 56.3
Unoccupied 44 2179.0 2354.0 0.93 154.0 49.5 -1.133 0.257
Undercut Height Occupied 62 3512.5 3317.0 1.06 154.0 56.6
Unoccupied 44 2158.5 2354.0 0.92 154.0 49.1 -1.266 0.205
Woody Occupied 62 3497.5 3317.0 1.05 155.9 56.4
Vegetation Unoccupied 44 2173.5 2354.0 0.92 155.9 49.4 -1.154 0.248
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Table 4. Wilcoxon rank sub comparisons of non-significantly different variables at fall
occupied sites versus unoccupied sites. HO: The class distribution functions are equal.
VARIABLE Class N
Sum of 
Scores 
(0)
Expected 
Under HO 
(E) 0/E
Std Dev 
Under HO
Mean
Score Z
Prob
> |Z|
Bank Height Occupied
Unoccupied
23
44
904.0
1374.0
782.0
1496.0
1.16
0.92
75.2
75.2
39.3
31.2 1.615 0.106
Emergent Length Occupied
Unoccupied
23
44
700.5
1577.5
782.0
1496.0
0.90
1.05
74.2
74.2
30.5
35.8 -1.092 0.275
Herbaceous
Vegetation
Occupied
Unoccupied
23
44
884.5
1393.5
782.0
1496.0
1.13
0.93
75.7
75.7
38.5
31.7 1.348 0.178
Inland Water Occupied
Unoccupied
23
44
773.5
1504.5
782.0
1496.0
0.99
1.01
52.3
52.3
33.6
34.2 -0.153 0.878
Litter Occupied
Unoccupied
23
44
811.0
1467.0
782.0
1496.0
1.04
0.98
75.7
75.7
35.3
33.3 0.376 0.706
Rock Occupied
Unoccupied
23
44
852.0
1426.0
782.0
1496.0
1.09
0.95
44.9
44.9
37.0
32.4 1.548 0.121
Substrate Occupied
Unoccupied
23
44
862.5
1415.5
782.0
1496.0
1.10
0.95
48.8
48.8
37.5
32.2 1.638 0.101
Total Woody 
Debris
Occupied
Unoccqtied
23
44
698.5
1579.5
782.0
1496.0
0.89
1.06
75.3
75.3
30.4
35.9 -1.102 0.270
Understory Occupied
Unoccupied
23
44
826.5
1451.5
782.0
1496.0
1.06
0.97
75.7
75.7
35.9
33.0 0.581 0.561
Woody
Vegetation
Occupied
Unoccupied
23
44
768.0
1510.0
782.0
1496.0
0.98
1.01
75.7
75.7
33.4
34.3 -0.178 0.858
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Table 1. Classification summaries of winter plots using k=7 nearest neighbor 
discriminant function analysis of Tree, Beaver Cuts Old, Rock, Bank Slope, 
Onttercut Area, and Woody Vegetation.
Number
Percent
Number of Calibration Cases 
and Percent Classified into
Number of Cross-Validation Cases 
and Percent Classified into
Occupied Unoccupied Total Occq>ied Unoccupied Total
Occupied 52 16 68 48 20 68
Sites 76.47 23.53 100.00 70.59 29.41 100.00
Onoccq)ied 11 33 44 11 33 44
Sites 25.00 75.00 100.00 25.00 75.00 100.00
Total 63 49 112 59 53 112
Percent 56.25 43.75 100.00 52.68 47.32 100.00
Priors 0.50 0.50 0.50 0.50
Table 2. Classification summaries of spring plots using k=5 nearest neighbor 
discriminant function analysis of Bank Slope, Vegetation Overhang, Water, 
Beaver Lodge/Brush Pile, and Woody Debris Inland.
Number
Percent
Number of Calibration Cases 
and Percent Classified into
Occupied Unoccupied Total
Number of Cross-Validation Cases 
and Percent Classified into
Occupied Unoccupied Total
Occupied 29 6 35 27 8 35
Sites 82.86 17.14 100.00 77.14 22.86 100.00
Unoccupied 12 32 44 15 29 44
Sites 27.27 72.73 100.00 34.09 65.91 100.00
Total 41 38 79 42 37 79
Percent 51.90 48.10 100.00 53.16 46.84 100.00
Priors 0.50 0.50 0.50 0.50
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T^le 3. Classification summaries of summer plots using k=3 nearest neighbor 
discriminant function analysis of Beaver Lodge/Brush Pile, Beaver Cuts New, 
Emergent Length, Dnderstory, and Undercut Area.
Number
Percent
Number of Calibration Cases 
and Percent Classified into
Number of Cross-validation Cases 
and Percent Classified into
Occupied Unoccupied Total j Occupied Unoccupied Total
Occupied 50 12 62 43 19 62
Sites 80.65 19.35 100.00 69.35 30.65 100.00
Unoccupied 6 38 44 16 28 44
Sites 13.64 86.36 100.00 36.36 63.64 100.00
Total 56 50 106 59 47 106
Percent 52.83 47.17 100.00 55.66 44.34 100.00
Priors 0.50 0.50 0.50 0.50
Table 4. Classification summaries of fall plots using k=7 nearest neî b̂or 
discriminant function analysis of Beaver Cuts Old, Undercut Area, Dnderstory, 
and Total Woody Debris.
Number
Percent
Number of Calibration Cases 
and Percent Classified into
Occupied Unoccupied Total
Number of Cross-Validation Cases 
and Percent Classified into
Occupied Unoccupied Total
OcCT̂ ied 17 6 23 17 6 . 23
Sites 73.91 26.09 100.00 73.91 26.09 100.00
Unoccupied 10 34 44 11 33 44
Sites 22.73 77.27 100.00 25.00 75.00 100.00
Total 27 40 67 28 39 67
Percent 40.30 59.70 100.00 41.79 58.21 100.00
Priors 0.50 0.50 0.50 0.50
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